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1
Introduction
At RAN3#96, there was extensive discussion on two alternative views of the NG-RAN architecture:
Alt-1:
NG-RAN contains two logical nodes: “gNB” supporting NR, and “eNB” supporting E-UTRA [1,2,3]
Alt-2:
NG-RAN contains a single logical node: “ngNB” supporting NR, or E-UTRA, or both [4]
In this paper, we provide our perspective on the NG-RAN architecture and propose a way forward.
2
Discussion
Alt-1 corresponds with the NG-RAN architecture agreed during the study phase and captured in TR 38.912 [5]. It is also currently captured in TS 38.300 [6] and assumed by other working groups in 3GPP (e.g. RAN2 and SA2), since there were no issues raised during the study phase.

However, proponents of Alt-2 now argue that Alt-1 is not consistent with architecture “principles” of 3G/4G systems. This has been met with numerous counter arguments, resulting in a lengthy discussion that has already spanned two meetings (RAN3#95bis, RAN3#96) plus a 2-week RAN3 email, without any conclusion. This should come as no surprise considering that:
-
In 3G and 4G, there is a one-to-one mapping of radio access technology, RAN and CN.
-
5G introduces significantly more architectural complexity: a single radio (E-UTRA) can be mapped to two different CN (EPC or 5GC), two different radios (E-UTRA and NR) can be mapped to one CN (5GC), and there are non-standalone scenarios as well.

Observation 1:
Architecture design decisions made during 3G/4G era cannot be easily extrapolated to 5G.

Therefore, rather than continuing to rehash the same discussion on architecture “principles”, we instead look at key factors that differentiate the two approaches.
For Alt-1:

-
There is logical separation of the two 5G RATs, which enables independent evolution of NR and E-UTRA. 
-
The E-UTRA node is called “eNB” in both E-UTRAN and NG-RAN, consistent with the view from TSG RAN and RAN2 that “an evolution of eNB remains an eNB” (i.e. the NG-RAN eNB is backwards compatible with the E-UTRAN eNB).  The terms “eNB NG mode” and “eNB S1 mode” can be used, if needed, to distinguish between an eNB connected to 5GC and an eNB connected to EPC.

-
There are no impacts to other 3GPP working groups, since Alt-1 is already assumed by other groups.

For Alt-2:

-
The primary justification is to align with a set of architecture “principles” that have not been widely endorsed (see Appendix A.1 for a discussion on selected aspects).
-
There is the significant technical drawback that 5G RATs are combined in a single node creating a monolithic RAN architecture, which ignores underlying differences in the radio technologies. [RAN2 impacts]
-
An NG-RAN node supporting E-UTRA would be named “ngNB” rather than “eNB”, i.e. evolution of eNB becomes “ngNB”. [RAN2 impacts]
Considering the above, we do not see a good rationale to change the definition of RAN logical nodes that was concluded during the study item (i.e. Alt-1). Therefore, the following is proposed:
Proposal 1:
NG-RAN consists of two logical nodes that are defined based on the supported radio access type (NR or E-UTRA), as assumed during the NR study phase.

Proposal 2:
“gNB” is a logical node of the NG-RAN providing NR radio protocol termination towards the UE.

Proposal 3:
“eNB” is a logical node of the NG-RAN providing E-UTRA radio protocol termination towards the UE. It can also be referred to as “eNB NG-mode”, if/where needed.
Regarding the impacts to NGAP/XnAP of having two different logical nodes terminating the NG/Xn interfaces, there are at least two options:
Option A:
Use “gNB/eNB” everywhere.

Option B:
Use “gNB” everywhere, with suitable text to indicate that the procedures and messages specified for the gNB equally apply to the eNB (for functionality applicable to the eNB).

Option B is the approach used in other specifications, e.g. TS 25.413 for Iu interface between RNC/BSC and CN, and TS 36.331 for Uu interface between UE/RN and E-UTRAN. Therefore, it seems to be a good approach also for NGAP/XnAP. The detailed text can be discussed later, but examples are provided in Appendix A.2.
Proposal 4:
In NGAP/XnAP, “gNB” can be used everywhere, with suitable text added in e.g. Scope or Definitions sections concerning the applicability to eNB.
3
Conclusion
In this paper, we have provided our perspective on the NG-RAN architecture. The following is proposed:
Proposal 1:
NG-RAN consists of two logical nodes that are defined based on the supported radio access type (NR or E-UTRA), as assumed during the NR study phase.

Proposal 2:
“gNB” is a logical node of the NG-RAN providing NR radio protocol termination towards the UE.

Proposal 3:
“eNB” is a logical node of the NG-RAN providing E-UTRA radio protocol termination towards the UE. It can also be referred to as “eNB NG-mode”, if/where needed.

Proposal 4:
In NGAP/XnAP, “gNB” can be used everywhere, with suitable text added in e.g. Scope or Definitions sections concerning the applicability to eNB.
A TP for TS 38.300 reflecting proposals 1-3 is provided in [7].
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Appendix
A.1
Architecture “principles”
Question: Can the same interface be between different pairs of logical nodes?

Answer: YES, there is no reason why this cannot be possible. There are also existing examples in 3GPP specifications:
-
X2 interface between eNBs, and between eNB and X2 GW: An X2 GW performs more than just a routing function; it can terminate the X2AP MESSAGE TRANSFER message for X2 GW registration, and initiate the X2 RELEASE message. Figure 20.2.2.16-1 in TS 36.300 clearly depicts X2 GW as a logical node.
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Figure 4.6.1-2: Overall E-UTRAN Architecture with deployed HeNB GW and X2 GW.
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Figure 20.2.2.16-1: X2 Release procedure

-
S1 interface between eNB and MME, and between HeNB and MME: At stage 2 level, HeNB is a logical node described in section 4.6.1 of TS 36.300 where it is stated:
“The S1 interface is defined as the interface:

-
Between the HeNB and the Core Network;

-
Between the eNB and the Core Network.
TS 36.300 also states “the procedures run between a HeNB and the EPC shall be the same as those between an eNB and the EPC (with possible exceptions e.g. S5 procedures in case of LIPA support)”. At stage 3 level, the MME is aware that the node terminating S1 is a HeNB from the Global eNB ID (which has a special 28-bit Home eNB ID value), and there are optional S1AP procedures associated with HeNB (e.g. handling of Tunnel Information for BBF IE).

A.2
NGAP/XnAP impacts of Alt-1
Example 1, from TS 25.413: Iu interface between RNC/BSC and CN
-
Section 3.1 (Definitions) of TS 25.413 contains the following text:

GERAN BSC in Iu mode: In the context of this specification no distinction between an UTRAN RNC and a GERAN BSC in Iu mode is made. The GERAN BSC in Iu mode will behave as a RNC unless explicitely stated (see TS 43.051 [27]).

A similar approach could be used for NGAP/XnAP by introducing a definition such as the following:
eNB in NG mode: In the context of this specification no distinction between a gNB and an eNB in NG mode is made. The eNB in NG mode will behave as a gNB unless explicitly stated (see TS 38.300 [x]).
Example 2, from TS 36.331: Uu interface between UE/RN and E-UTRAN
-
Section 1 (Scope) of TS 36.331 contains the following text:

“The present document specifies the Radio Resource Control protocol for the radio interface between UE and E-UTRAN as well as for the radio interface between RN and E-UTRAN.”

-
Section 4 (Introduction) of TS 36.331 contains the following text:

“In this specification, (parts of) procedures and messages specified for the UE equally apply to the RN for functionality necessary for the RN. There are also (parts of) procedures and messages which are only applicable to the RN in its communication with the E-UTRAN, in which case the specification denotes the RN instead of the UE. Such RN‑specific aspects are not applicable to the UE.”

A similar approach could be used for NGAP/XnAP by introducing the following text in either the Scope or Introduction section:

In this specification, procedures and messages specified for the gNB equally apply to the eNB for functionality applicable to the eNB.

Additional text can be added to cover cases (if they exist) where a procedure/message/IE is only applicable to gNB or only applicable to eNB.
� Note that Alt-1 does not depend on the E-UTRA node in NG-RAN being called “eNB”, but any other name would need endorsement from RAN/RAN2.
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